cide and ryanodine receptor modulators [5] . Previous studies dealing with the impact of CAP in agriculture focused on their efficiency against insect pathogens [6] , their accumulation in vegetables and fruits [7] , crops [8] , or their dissipation in several plants such as tomato [9] and cauliflower [10] . There has not been a certain amount of treatment concentration of CAP on plants, and therefore it is applied in very different concentrations [11] . For this reason, CAP used in excessive amounts leads to over-accumulation in the environment.
To date, no information has been available on the phytotoxicity of CAP, especially physiological and morphoanatomical responses in plants. On the other hand, pesticide residues cause persistent effects on plants [12] , suppressing the biochemical and physiological responses in germination and seedling processes by inhibiting photosynthesis [13] and cell division [14] . However, with the investigation of modifications in germination and growth parameters of plants under various stresses that lead to changes on biochemical and physiological processes, anatomical and morphological anomalies that may be the visible signs of these changes can be determined [15] . Therefore, in this study, direct and indirect effects of CAP on the growth and development of the maize plants were evaluated via some growth parameters, such as seed germination, pigment content, and stomatal responses. We also investigated proline (non enzymatic antioxidant) accumulation, which is an important index for stress tolerance capacity in maize seedlings exposed to various levels of CAP in the present study.
Materials and Methods
Uniform-sized seeds (n=25) of a commercial variety of maize (Zea mays L. saccharata Sturt.) were used as the test plant. The CAP was obtained from Altacor 35 WG.
The seeds of maize were surface sterilized with 0.5% sodium hypochlorite for 15 min, followed by extensive washing in sterile distilled water. Seeds were exposed to CAP at various concentrations (0.0, 0.08, 0.1, 0.2, 0.3, 0.4, and 0.5 ppm) for 72 h. After pre-treatment, seeds were placed in 12 cm petri dishes lined with two layers of filter paper (Whatman 1) moistened with 10 ml of the distilled water. They were placed at 25±1ºC and light/dark 16/8 h for 7 days for germination. Each experiment was replicated three times. Seeds were considered to be germinated with emergence of the radicle.
Seeds germinated in each treatment were counted at the end of day 7 th and germination percentages were calculated according to Khan and Ungar [16] . The radicle and coleoptile lengths of the seedlings were measured with the help of a millimetric ruler.
Equal sized germinated seeds were transferred to a 1 L plastic pot filled with perlite for anatomical and physiological observations. Following transfer, seedlings were grown hydroponically in a growth chamber at 24±1ºC, under 16/8 h light/dark regime, light intensity 160 μmol/m -2 /s -1 with relative humudity of 60±5%, and each pot was carefully watered with nutrient solution (Hoagland) added regularly every other day for 45 days. Epidermal tissue stripped from superficial sections of leaves was used to investigate the stomata and epidermis cells of upper (adaxial) and lower (abaxial) surfaces. The number of stomata (s) and epidermal cells (e) were counted in each field at independent measurements (0.016 mm 2 ). Stomata density was based on an average of 50 microscopic field. Stomatal index (SI) was calculated using the formula [s/(e+s)]×100 described by Meidner and Mansfield [17] . Stomata magnitudes (length and width) were defined using an ocular micrometer under light microscope (40 X object and 10 X ocular).
Pigments, including chlorophyll a (Chl a) and b (Chl b) and carotenoids, as well as anthocyanins were analyzed spectrophotometrically according to Sims and Gamon [18] .
The proline content was extracted from leaf samples of 100 mg FW with 2 ml of 40% methanol according to Bates et al. [19] .
Statistical Analysis
One-way ANOVA analysis was used to describe growth parameters and determine statistical significance. Duncan's Multiple Range Test was applied to compare means (±SD) for at least two independent assays with three replicates using SPSS software 13.0. Graph images for all experimental data were generated to determine whether the mean values between the control group and insecticide treatments and also between each treatment was significantly different. The statistical significance level was taken as p<0.05.
Results and Discussion
Insecticide treatment led to different morphological and physiological responses as parallel with increasing CAP concentrations in maize seeds and seedlings. Our results indicated strong negative effects of CAP on seed germination (p<0.05), and the adverse effects enhanced with dosage elevation (Fig. 1) . Germination percentage, coleoptile and radicula length, and radicula number of the maize exposed to all concentrations of CAP were lower than those in the control. At the highest concentration of CAP (0.5 ppm), germination percentage was reduced to 72% of the control (Fig. 1a) . However, germination percentage was very sensitive to CAP stress, and even increasing the concentration of CAP from 0.4 ppm to 0.5 ppm resulted in a 50% reduction (p<0.05). A similar result was observed for radicula length (74%) and radicula number (72%) of maize exposed to CAP at 0.5 ppm compared with the control (Fig. 1b, d ). They decreased with increasing concentration level of CAP, and the most devastating impact was the reduction in coleoptile length (90%) at 0.5 ppm (Fig. 1c) . The results indicated that the significant reduction in the germination rate corresponded with the reduction in radicula and coleoptile lengths and radicula count. Therefore, the delay in growth of maize can be explained by suppression of germination under CAP stress.
Seed germination is a complex adaptive trait of plants that is influenced by environmental factors [20] , and is a stage of plant growth where there is a particular sensitivity to contaminants like pesticides [21] . Pesticides have shown inhibitory effects on germination. Calvelo Pereira et al. [22] investigated the phytotoxicity effect of hexachlorocyclohexane on germination and early growth of different plant species (Hordeum vulgare L., Brassica sp., Phaseoulus vulgaris L.) and determined that the rate of germination and seedling vigour was strongly affected in plants exposed to it. The present study determined that increasing concentrations of CAP reduced germination parameters of maize. These adverse effects on maize seeds may be caused by the toxic effect of CAP accumulation.
The stomata count varied in adaxial and abaxial surfaces of leaves under CAP-induced stress (Fig. 2) . In general, the stomata count of adaxial surfaces was lower than abaxial surfaces in untreatment. Increasing CAP concentration caused different responses in stomata and epidermis cell counts on the abaxial and adaxial surfaces of maize leaves. In seedlings exposed to CAP at 0.08-0.5 ppm, stomata count in leaves decreased 8-60 percent in adaxial surfaces, and 2-53 percent in abaxial surfaces compared with control. Similar results were observed in epidermis cell counts of both adaxial and abaxial surfaces of leaves. Stomatal index for adaxial and abaxial surfaces of leaves were determined to be lower than those of control plants. CAP treatment caused a statistically significant decrease in stomatal index of both surfaces in leaves (p<0.05), especially the highest concentration (0.5 ppm) of insecticide treatment, causing a further decrease of 46 percent in the control group's stomatal index of upper leaf surfaces. The fact that this decrease was higher on adaxial surfaces than on abaxial surfaces is in parallel with a higher reduction of stomata and epidermis cell counts on upper surfaces than on lower surfaces as insecticide concentration increases (Fig. 2a) . However, the stomata concentration on both surfaces of maize leaves exposed to CAP treatment showed the most devastating effect at the concentration of 0.4 ppm with 29% reduction in adaxial surface and 28% reduction in abaxial surface, compared with 0.5 ppm of CAP treatment. This adverse effect increased at 0.5 ppm (Fig. 2a, b) . Photosynthesis is directly proportional to stomata concentration [23] . In our study, the fact that stoma concentration reduces in parallel with the pesticide concentration involved is an indication that the rate of photosynthesis will reduce at the same level.
On the other hand, this study also examined stomata sizes (length and width) on both surfaces of leaves. The stomata size on the adaxial surface were larger than those on the abaxial surface, it was seen that stomata length and width decreased with increasing concentrations of CAP, compared with control ( Fig. 2 c, d ). These results were found to be statistically significant in all treatments groups (p<0.05). The smallest stomata cell was observed on the adaxial surfaces of leaves grown at 0.5 ppm concentration of CAP, while the largest were on the abaxial surface of leaves grown at 0.0 ppm (untreatment) of control group. However, while CAP application decreased these parameters by 80% on the adaxial surface in 0.5 ppm concentration of CAP, stomata size on the abaxial surface of the leaf decreased by 66% at the same concentration. These results indicate that CAP exposure can show a significant negative impact on maize plants. The phytotoxic effects of this chemical also affected stoma sizes negatively. Stoma size reduced more on upper surfaces of maize leaves exposed to CAP than on lower surfaces. This destructive effect of pesticide on stomata density and size is similar to the equation pro application on tomato plants [24] . On the other hand, stomatal density was significantly reduced in tomato plants exposed to fosetyl-Al stress [25] . Moreover, Toscano et al. [26] found that various insecticides like parathion and permethrin had significant effects on stomatal conductance rates of lettuce physiology. But no information was available on stomatal responses of maize to CAP exposure. The fact that stomata count decreases as concentration of CAP increases in maize seeds grown under CAP stress shows that the photosynthesis rate of these plants can also be affected negatively.
Stomata are pores on leaf surfaces that function in exchange for CO 2 and O 2 , which are necessary for photosynthesis, and many environmental factors such as biotic and abiotic stress can cause significant changes in stomatal responses [27] . Morever, stomatal responses may limit the photosynthesis when plants are exposed to sigma broad stress conditions [28] . In particular, chemicals used for eliminating various harmful organisms cause destructive effects on plants in agricultural environments, leading to toxic effects on stomatal responses.
The pigment content was significantly higher in the control than in each of the treatments, which showed significant difference among each other (p<0.05). The differences in pigment concentrations were negatively associated with the increase in insecticide concentration. Maize seeds exposed to CAP showed significant decreases in Chl a (Fig.  3a) , Chl b (Fig. 3b) , and carotenoid contents (Fig. 3c) by 70%, 63%, and 65%, respectively, at the highest concentration of CAP in comparison with the control plants. Under CAP stress, the amount of chlorophyll a content of maize leaves was more affected than the amount of chlorophyll b and carotenoid contents. The most damaging effect appeared with a reduction by 70% of Chl a content at the highest concentration of CAP compared to control. Moreover, compared with other treatments, the adverse effect of CAP treatment on photosynthetic pigment content was observed more, particularly at 0.3-0.4 ppm CAP concentrations. For example, the Chl a content of maize seeds treated by 0.08, 0.1, 0.2, 0.3, 0.4, and 0.5 ppm of CAP were decreased by 13%, 20%, 24%, 31%, 53%, and 70%, respectively, compared to the control (p<0.05). The relative decrease in the Chl a content is significantly more than that of Chl b and carotenoid contents, especially maize plants treated with 0.3-0.4 ppm of CAP, showing a more significant decrease in Chl a contents by 42% compared with the other treatments. Chl b decreased 23% in CAP's 0.4-0.5 ppm concentration compared to 0.5 ppm. On the other hand, the concentration interval having the most damaging effect on carotenoid content was found to be 0.4-0.5 ppm (p<0.05) with a 66% decrease. But the rate of reduction of carotenoid content was more than Chl b content. Photosynthetic pigment content is an important indicator for determining plant photosynthesis ratio [28] . These pigments are inhibited in the presence of stress, thus altering the photosynthesis of plants [29] . However, when exposed to mancozeb, Chl and carotenoid contents decreased in let- tuce leaves, which in turn caused the pigment-protein complexes of the photosynthetic apparatus to be less stable, and photosynthetic pigments degraded more easily upon pesticide exposure [30] . Moreover, insecticides might inhibit the biosynthesis of chlorophyll by slowing down or stopping synthesis of enzymes responsible for the synthesis of photosynthetic pigments [31] . Pigment contents are well known to decrease with treatment of various pesticides, such as insecticides [32] , herbicides [33] , and fungicides [34] . Anthocyanins are an important and widespread group of pigments that are found in flowers, fruits and, rarely, epidermis of leaves. However, anthocyanins that cannot play a direct role in photosynthesis are widely distributed in photosynthetic tissues, such as leaves of plants that are exposed to stress. In this study, the anthocyanin content of maize leaves exposed to CAP showed significant parallelism with its increasing concentration, unlike other pigments (Fig. 3d) . The increase in anthocyanin content was 67%, 73%, 79%, 84%, 89%, and 92% exposed to 0.08, 0.1, 0.2, 0.3, 0.4, and 0.5 ppm of CAP, respectively, compared with control (p<0.05). Different concentrations of CAP stimulated the anthocyanin content. Similar accumulation of anthocyanin was observed by Alla and Younis [35] in maize and soybean exposed to pesticide stress. Anthocyanins are responsible for tolerance to various stress factors such as drought or resistance to pathogens [36] . Furthermore, anthocyanins known as being powerful antioxidants increased its accumulation when the plant was exposed to various stresses [37] . Therefore, increase in the anthocyanin content in the leaves of maize exposed to increasing concentrations of CAP might have resulted due to inducing the expression of genes involved with protection against many environmental stresses [38] . CAP exposure induced a significant increase in proline content (Fig. 4) . Its content was enhanced compared with control group by 19%, 53%, 77%, 83%, 87%, and 90% at 0.08, 0.1, 0.2, 0.3, 0.4, and 0.5 ppm of CAP concentrations, respectively, showing a significant positive correlation with increasing concentrations of CAP. Morever, 0.1 ppm concentration of CAP showed the highest trigger effect (increase ratio 120%). The increases of proline content were observed after CAP exposure, and this might be an exhaustive effect in plants exposed to insecticides. The increase in proline content of insecticide treated plants was associated with high accumulation of proline due to increasing concentration of CAP. Proline content is an essential indicator in that it follows an increasing path in plants exposed to various stress factors [39] . Increases of proline content were also observed after being exposed to various pesticide stresses [30] . Proline is a non-enzymatic antioxidant that plays a protective role in membrane structure of living cells of plants exposed to various stress [40] . The results on the changes in the content of non-enzymatic antioxidants under the effects of pesticide treatments very clearly indicated the significant stimulation of proline accumulation. The stimulation was stronger with increasing concentrations of pesticide treatments. This may suggest that proline could play a crucial role in the resistance of maize to alleviate negative effects of insecticide stress.
Conclusion
CAP stress altered seed germination, stomatal responses in leaves, photosynhetic pigments, and proline content of maize plants. Although the phytotoxic effect of various chemicals can be tolerated to a certain amount, most of the plants showed growth and development disorders, particularly in higher concentrations. This effect showed that seed germination was negatively associated with CAP concentration. A similar effect was observed in stomatal responses in leaves of maize. In general, stomata density and stomata dimensions declined in both its adaxial and abaxial surfaces. On the other hand, photosynthetic pigment contents also reduced due to slowing down of their biosynthesis with increasing CAP stress, except for anthocyanin. Increasing CAP exposure triggered a significant increase in proline and anthocyanin content. CAP treatment caused photosynthetic pigments to be inhibited and photosynthesis was affected adversely in the end. This situation led to a decline in the growth and development of plants. This adverse effect continued with respect to CAP concentration. On the other hand, although a significant decline was observed in the germination environment and growth parameters, contents of anthocyanin, which has a protective role, and proline increased. However, the increase in protective antioxidative substances couldn't prevent the adverse effects of the chemical on germination and growth parameters and thus growth rate declined. Therefore, with their increasing residues both in the stage of employment and in the environment, the adverse effect of these chemicals on all organisms is inevitable even if the recommended amount is employed.
